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USE OE INFORMATION ON THE MOTION OF SPACECRAFT AROUND 
THE CENTER OF BODIES IN THE UNDERTAKINC OF DETEOTINIJ 
SOURCES OF X-RAX AND GAMMA RADIATION 

N. A. Eysmont 

Institute of Space Research 
USSR Academy of Sciences, Moscow 

The problem of localizing sources of X-ray and gamma surges /3* 
may, as is well-known, be solved via the installation of suitable 
monitors on several dispersed spacecraft. In this manner determina- 
tion of the coordinates of the source is possible, as a rule, only 
with the use of four spacecraft. In the case of the use of 5 or 2 
spacecraft it is necessary to use supplementary inf orraatibn (] 1 . 

Data on the motion of spacecraft around the center of a mass may be 
used in the capacity of such information. 

If the character of the radiation source is such that the phase 
of the signal registered on one spacecraft relative to the signal 
registered on another craft may not be measured reliably, then 
determination of the position of the radiation source in space is 
possible only on the basis of knowledge of the motion of spacecraft 
relative to the center of bodies. Obviously, th« use of radiation 
monitors with an anistropic directional graph is a necessary 
prerequisite for such localization of a source. 

We shall suggest that one of the spacecraft on which the experi- 
ment is conducted be a high-apogee satellite stabilized by rotation 
around an extended structural X axis. The other two structural axes 
have been designated 1 and Z. Control of the motion of the space- 
craft relative to the mass center is attained with the aid of engines 
in such a way that the craft is directed along the extended X axis to 
the sun and is then twisted relative to the X axis, after which the 
engines are turned off. The craft moves further without the action 
of directing torques until the direction towards the sun does not 
^Numbers in the margin indicate pagination in the foreign text. 
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deviate from the initial direction towards the fixed angle. After 
this rotation the spacecraft is halted hy turning on the engines. 

The X axis is again directed towards the sun and a new torque of the /4 
spacecraft along the X axis is effected. 

We suggest that the axis of the directional graph of the 
radiation source coincide with the X axis and that the graph 
represent the rotation shape so that the recorded signal w 

w = w(o) 

where o is the angle between the direction towards the source and 
the direction of the monitor axis. 

We will examine the specifics of the motion of a spacecraft 
stabilized by rotation. In the nominal instance, the central axis 
of the inertia of the spacecraft coincides with the structural axis 
and the vector of the momentum created by the engines is directed 
along the structural X axis. Therefore, after the torque the motion 
of the spacecraft is a uniform rotation, if the raomentums of the 
external forces are equal to zero. 

However, in the real experiment one must calculate the possibilities 
for error in the balancing of the spacecraft. In consequence of this, 
the main X axis of inertia is not directed precisely along the 
structural x axis. In addition, because of errors in the placement 
of the engines, the vector of momentum made by them in tne process 
of torquing may deviate sligatly from rhe X axis. Therefore, for 
zero external momentums- and this nypothesis is taken up later- 
after the torque of the spacecraft, we have, generally speaking, an 
ins tance of Buler-Poinsot ' B(2) mo tion of a solid body relative to the 
center of bodies. 

Knowing the law of the motion of a spacecraft relative to mass 
center and having used the necessary measurements, which permit the 
fixation of the direction relative to the system of coordinates of 
tne satellite in absolute space, one can obtain the constants of the 
law of motion. 
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f« will Buggwst that th« apaeweraft ba auppllad with two groups 
of optical aonitors, ono of which asasurss the angle bstwssn the X 
axis and the projection of the rector of the direction towards the 
sun on the plane YZ and also the angle between the X axis and the 
projection of the rector of the direction towards the sun on plane 
XZ. The other group of aonitors registers the aoaentua of the passage 
of the center of the Earth's illuainated disc through the fixed plane 
containing the X axis. 

The problea of processing the aeasureaents of the optical 
aonitors, which consists of the coaputation of the constant 
characterising the aotion is solred by systeas of transcendental 
equations with rather coaplex left parts through the use of the 
first integrals of differential equations of notion. Therefore, 
the question arises about the reasonable approxiaation of a law of 
aotion which, could perait one to construct with satisfactory precision 
im algorithn which secures the reliable and rapid conwergence of 
conputed inertias. Haying aade a series of assuaptions, we will 
select approxiaating functions. 


fe are suggesting that the duration of interyals for the 
processing of infornation is such that in each interral one can consi- 
der the direction towards the sun to be constant in absolute space. 

We can consider the vector of the nonentary angular speed of the 
spacecraft u» to be only slightly divergent from the main central 
axifi of inertia X^, making a small angle with the extended X axis of 
the craft. This is in accordance with the proposition of the 
smallness of projections q and r of vector u* on the main axes Y^ 
and in comparison with projection p on the X axis. 


We will compute the latter assumption by analysing the expression 
for the coefficient iu'(21 




S/'/S-c) 




^ St A ^3) 


3 




^ r Si:^s~c) s) 




whtrt A,B,C art forcta of tha Inartla of tha body ralatlra to tha 
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(Indaz HO** danotea p»q»r takan for aoTaral randoatly salaetad flxad 
instant a of tlaa). 


In Tlrtua of tha propoaitions ralatlra to tha projaetions ui on 
tha Main axas, tha nagnltuda a ^ is small in eonps;2rlson with a|; 
tharafore, tha coafficiant of an^(A 2 Pi ° z) ia fMall* Consaquantly, 
tha circuafrancas I and 2(saa drawing 1) of radii Pi= / nui^-p* and 

TIlXll 

^z~' * which tha hyparbola I touchas ara cloaa. 

Frooaading from this fact, wa will raplaca tha hyparbola by soma 
circla lying batwaan clrclas I and 2. In tha aama way tha stationary 
axold is approxlmatad by a spharical cona, fa will considar tha 
non-stationary axold an alliptical oona with an axis dlraotad along 
tha main axis X^. of tha allipsoid of inartla. At any momant in tlma 
tha cross-sactlon of tha non-statlonary and stationary axoids, a 
plana orthagonal to tha X axis, will raprasant two touching alllpsas. 
Wa will axamina tha motion, i.a. axamlna tha rotation of absoluta 
spaca ralativa to tha spacaoraft. 'fhan for Tarlous momants in tlma in 
tha cross-saction of tha axoids in a plana, wa will obtain a sarias 
of alllpsas oorrasponding to tha stationary axis. All thasa alllpsas 
will touch ona and tha sama alZ ipsa corrasponding to tha stationary 
axold, but thay will, ganarally speaking, differ from one another. 

Ihay will be identical In tha frequent Instance whan tha non- 
statlonary cone but the plans of tha cross-sactlon Is orthagonal to 
its axis. Wa will labia the sola wactor of direction towards tha 


■un S. It 1b rigidly eonnaeted with th* BtationMry axoid in th« /7 
form of tho aun of two coaponanta, ona of whicK ia diraotad along 
tha X axia and tha othar of which r liaa in tha plana of tha croaa- 
aaction of tha axoida. 


In drawing 2 r ia tha radiua-yactor of the cantar of the croaa- 
aeetion of the aohile axoid 0i,ri»Ui02 la tha rector fron Qi to the 
center of the atationary axoid O21. ^2 * (S la the projection of 
the end of rector S to the pla.^«» and O2 ia the center of the crosa- 
aection of the atationary axoid. 


fhe rector r which intareata ua ia equal to 

Fo + 4 rg. 

ror the ahore« indicated frequent Inatance of the projection of 
rectora auid ¥^2 ^ Z axea 

=: f.)^ 

c/si >? C t -4 

where ^ , 2 are reapectirely angular and mean-angular on account of 

the rotation of the apeed of the motion of rectora ri , F2 relatire to 
the Y and Z axea. (The latter two approximate equalltiea would he 
exact for /r2/=conatant) . 


Considering that theae dependenciea according to the magnitude 
of errors also apply in the g&neral case, we will take the following 
form of the approximation functions for the projection of rector S: 
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Bo ^'B^cos ^ B^stf^u)it-f- 8^ ca,u)X^ /§ 


Xxaalnlng A)c» Bj^» u*-) * u*2 ** paraneters of congruence during the 
procaaslng of the display of th« optical nonitorB 'S'y( ti) • 'SsCtj^)* 
we find theae constants by using the nethod of least squares, i.e, 
from the postulate of the minimum of the ftuiction 

Xt is easy to see that the postulate of the minimum of the 
function w for is written in the form of a system of linear 

equations relatiwe to A](;,%. There.^r^ it is easy to solwe the 
problem by determining '4 f where the function 


>t^r^ It IS « 

is computed as a result of 

the solution ^1* ^ie system. For the minimisation w^(u»^yU> 2 ) 
with the use of standard procedures it is necessary to know the 
initial approximations “*1 and **»2« problem of their selection 

is simplified if one allows for the assumption made earlier about the 
closeness of the rector of the angular speed to the main axis of 
inertia. It is agreed (2) that with the moyement according to 
inertia, the projections of the momentary angular speed onto the 
main axis of Inertia change periodically with the phase frequency 
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where p^, q© are values of p and q in a fixed moment in time, 

Disregarding the magnitude q in comparison with p, we obtain 


It is obvious that v= lo-j except in postulates of our proposition 
pQ - 

1 ‘herefore, in the capacity of an initial approximation, one 
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nay conaldar that 
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Tht initial approximation for u*2 usually known haforshand 
with Bufilciontly good precision In that the speed of the torque of 
the spacecraft Is preset by a control systen within fixed Units. 


7o process the neasurenents from xhe monitors registering the 
path of the Earth* s disc turough the plane containing the X axis, 
we will Introduce the angle v constructed In the plane YZ fron the 
J axis to the projection on plaii« iZ of tue wector of the direction 
to bhe pole ox the elllpxlc. It is easy to obtain thle angle when 
one has the results oi. the processing ox the Measurements from the 
solar Monitors. 


Let xhe angle made by the plane passing through the Earth and 
the X axis with the plane YX equal . We will proceed from angle 
•V to the projections KxfKyyK^ of the single rector of the direction 
to xhe Earth on the X»Y,Z axes accorainii to the following formula: 
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6 la tha angla l>at«aan tua dlraction froa tha apmcacraft to tha 
sun and to tha jsarth obtalnau by tha oonpu-catlon of tha Motion of 
tua cantar of i.ha apacaeraft naaa; axa projaetlona to tha 

atructural axaa oi thg apacaoraft of tha alngla Taotor of dlraction 
to^tna aun. 

x'hua> for tna aonatit In tina ragiatarad by tha nouitora wa 
hava in tna ayatam of aatallita coordinataa two Taetora whien ara 
known 1«* abaoluta apacai tna alngla vaotor of dlraction towarda /10 
tha aun and tha aola wactor of dlraction towarda tha cantar of tha 
narth i . if thaaa wectora ara detaminad almultanaoualy in tha 
abaoluta and aatallita eoordlnata ayatama, ona uan obwaln tha 
matrix of tha tranafar from tha abaoluta ayatam to tha aatallita 
ayatam. According to xnaaa yactora, ona can, with aufficiant 
praclaion, aaauma that tha dlraction from tha apacacxaft to tha 
aun coincidaa with tha dlraction from tha oantar of tha larth to 
tha aun. In tua ayatam of aatallita coordinataa wa finu tha yactora 

^ 

and 

^ 

Thaaa aama vactora haya baan computad analagoualy from tha 
abaoluta eoordlnata ayatam 

S X 

. J 

P = T K- p 


We will form tha two matrlcea 

3 - CT, r) . 

Tha matrix o£ tranafar 

T= a Jf 
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(D^ is tranaforacd aatrlz D) pcralts ona to obtain In tha ayatam 
of eoordinataa eonnaetad with tha aatalllta XXZ any Taetoi* flxad 
In tha abaoluta coordlnata ayataa Including tha Tictoz* dlraetad to 
tha pola of tha alllptle. Xhla ractor la Glam to tha dlraetlon 
orthagonal to tha kina tie aoaantua of tha apaoaeraft* Tharafora* 

In tha eaaa whan tha noaantary axla of tha apaeaeraft rotation doais 
not dawlata aharply froa tha vaetor of tha klnatle noaantua(whl!^ ^ 

la aaauaad In our axanpla) tha angular aotloi?, of tha pro faction of 
thla ractor on tha plana XZ will ba eloaa to laonatrle* Oonaaquantly, 
ona nay approxlnata tha changa In anglav by tha linear law 

Y = iTc 


Errora In approxlaatlon for anplrleally poaalbla darlatlona of 
nomentuii froa rotation of tha axia fron tha atructural axla do not 
axcaad aayaral alnutaa(for duriatlona of 6^ tha aaxlaua approxlaatlon 
error la — 7* )• 

Aa a raault of tha procaaalng of tha aaaaurananta of the 
optic aonltora wa obtain a aet of conatanta A^*B]f(k>1 

Co* C-;» Haring thaaa conatanta. It la poaalbla to obtain 

the poaltlon of tha rector of direction to tha aun ralatlra to the 
apacecraft and prodectlona ona tha plana YZ of tha rector of tha 
direction to tha elliptic pola for each aoaant In tine. Thla la 
aufflclant for a computation of tha matrix of tha tranafar from tha 
eyetam of apacecraft eoordinataa to that of tha abaoluta eoordinataa, 
l.e. for the complete datarnlnatlon of the poaltlon of tha aatalllte 
ralatlra to tha canter of tha bodlaa. 

fa will araluata the poaalbllltlea for locating *<con8tant*« 

X-ray aoureea according to data about tha orientation of tha aatalllte. 
We propoae froa tha beginning that maaauramanta of tha radiation 
aourea are cantered according to tha canter of the bodlaa at each 
Intarral of tlaa between raorlantatlona of tha apaeaeraft. Than, 
for erary auch Intarral wa obtain, according to ona point, tha poaltlon 
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vhleh !■ ctntrally unknown on th« dirtetlonal grnph* for 
conwonloneot wo iwaglnt that In tho roorlontation proeoaa tho position 
of tho axis on tho sr^idiatlon Monitor graph is stationary and that tho 
turn la spaeo occurs around tho polo of an olllptio* Tho anglos of /J [2 
tho turn from ono position to anothor aro than known. 

If wo hawo at loast throo Intorrals of Moasuroaontsi soparatod 
by rooriontationa, than it is possiblo to dotornlno tho diroction 
to tho radiation sourcos, for this it is suffioiont to soIto tho 
iystoB of aquations 




rolatiro to w,y,s. 

Here Cj » C2» are noasurononts , w is the aeasurod intensity 
of radiation in tho case whore tho axis of tho graph is dlroctod 
at the radiation source and y,s are right angle coordinates of tho 
single Toctor of diroction to tho sout^eo rolatiwo to tho satollito 
In which tho directional graph is constructed; tho t axis is directed 
to the polo of the elliptic, the Z axis is orthagonal to it and lies 
in the plane of the elliptic; sz-j , sZ2 are tho shift of diroction to 
tho source rolatlre to tho initial diroction during tho spacecraft 
reorientations, 

HowoTor, tho recorded series of equations does not permit ono 
to determine the sign of tho magnitude Y, i,o, to establish the 
location of tho source either aboro tho plane or below it. 

In Tirtue of tho fact that the axis of the diagram of the direction 
of tho apparatus does not prooorTO a constant diroction in space 
but completes a scan of several limited sections of space in 
accordance with tho motion of tho spacecraft relative to the center 
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of iho masi, tho anglo* botwoon tho dirtetlon to tho fruveo tmu tht /1^ 
azio of tho apparatua graph ehangaa. following th# ohanga in tha 
angla • , tha Intanalty naaaurad by tha apparatua ehangaa with tha 
naxlnuB balng attalnad at tha nlnlnal anglaa • • It la obwloua that 
for tha alnlnun angla ba''<:waan tha wactor of dlraetlon towurda tha 
aouroa and tha axla of tha dlagraa of dlraetlon, It la naeaaaary 
that tha aourea ba loeatad In a plana orthagonal to tha deaerlbad axla 
of tha graph of tha eonle aurfaea and that It paaa through tha 
ganaratrlx of thla aurfaea* 

Tha aurfaea on whleh tha aourea *b loeatad nay be datarnlnad 
In as nuch aa tha monanta at whleh the ma&aurad Intensity 
attalna naxlnuras are known and the surface fornad by tha noyament of 
tha axla of tha graph la oonatruetad according to data about tha 
naasuranant of tha spacecraft* 

Moraoyar, the described procedure for deterinlnlng the plana on 
which tha source la located permits one to compute the coordinates 
of' tha Bourcea without the Incorporation of a method using a 
ayatam of equations (1) * It la aufflclent to adapt this procedure 
for two Interyala of motion between which the reorientations of the 
spacecraft took place* 

wa will turn to tha problem of determining tha direction to 
tha source of a surge of X-ray or ganaa-radlatlon according to 
data about tha orientation of a satellite* It Is obrlous that 
according to the measurements of tha monitors whose axes are 
Identically directed In absolute space. It Is Impossible to establish 
tha direction to the source by using only tha directional graphs 
of the monitors and thalr orientation* Lpcatlon of tha source Is 
possible having, as a minimum, three monitors whose axes are directed 
along three non-coplanar vectors* In this case the direction 
towards tha source Is determined from the solution of a system of 
equations, three of whleh connect the angla between the axis of the 
monitor and the direction to the radiation source with the measured 
magnitude of radiation Intensity and the fourth of which is a 
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purely geonttric eorralation b«tw««n th« thrt* angles mad* by tha 
direction to tha aourea and tha axla of tha nonitora* 
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